BACKGROUND: Asthma is one of the most frequent causes of preventable hospital admissions among children. OBJECTIVES: To identify preventable risk factors for future hospital admissions. Some of the environmental and patient characteristics of children who were hospitalized more than once with an acute asthma attack were investigated. DESIGN, SETTING AND PATIENTS: An analysis was performed of 140 children with asthma, aged three to 15 years, admitted to the Department of Pediatrics at Dicle University Hospital, Diyarbakir, Turkey, over three years, followed for a maximum of 48 months. Associations between hospital admissions and probable predictors (clinical findings, laboratory studies and a detailed case history) were analyzed. RESULTS: The asthma admissions were higher in boys than in girls (male to female ratio 1.86). Of 140 children, 30 (21.4%) had multiple admissions, defined as a mean of more than one admission per year during the follow-up period. The following factors were associated significantly with the frequency of hospital admission for asthma attacks when analyzed using a c 2 test: indoor cigarette smoking (odds ratio [OR] 2.55), maternal smoking (OR 4.05), symptoms of dermal atopy (OR 2.96), symptoms of allergic conjunctivitis (OR 2.68), age less than five years (OR 5.12) and use of inhaled corticosteroids during the follow-up (OR 0.37). With multivariate logistic regression analysis, among other factors, only maternal smoking (r=0.29, P=0.017) and age less than five years (r=-0.32, P=0.012) were significant effective factors for the multiple hospital admissions. No significant association with the frequency of hospital admission was found for sex, serum total immunoglobulin E, history of frequent upper respiratory tract infections or number of family members. CONCLUSIONS: Prevention of indoor smoking, especially maternal smoking, may be effective in decreasing hospital admissions in children with asthma. Children less than five years of age are more likely to be hospitalized than are children five years of age or greater.
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A sthma remains one of the most common causes of hospitalization in children. Although many countries have reported a decline in mortality with the development of effective asthma therapy, there is an increase in morbidity, particularly hospitalizations, with the rising prevalence of asthma in recent years (1, 2) . Hospital admission rates for asthma may be higher in some patients because of differences in the uptake or delivery of preventive health care strategies. Furthermore, the extent to which patient characteristics contribute to hospitalization needs to be determined. The present study describes the sociodemographic, clinical and laboratory characteristics of children who were hospitalized on several occasions with an acute asthma attack, and identifies factors that may have contributed to hospital admissions, in the hope of preventing future admissions.
PATIENTS AND METHODS
In January 1999, the medical records of pediatric patients first admitted for asthma to the Pediatrics Clinic of Dicle University Hospital in the Diyarbakir region of Turkey (total population 1,200,000), between January 1995 and December 1997 were reviewed. The hospital has an emergency room service for children with asthma who were first admitted to, or referred from, other hospitals in the region. There were no changes in the number of beds in the hospital during the study period.
Clinical findings and laboratory studies recorded by physicians and a detailed case history obtained from parents at the time of the first admission were carefully evaluated. Any patient with missing medical records or who was dropped from follow-up was removed from the study, leaving 140 patients. Multiple admissions were defined as a mean of more than one admission per year during the follow-up period until January 1999, and others were considered as single admissions. The follow-up period ranged from 13 months for patients admitted in December 1997 to a maximum of 48 months for patients admitted in January 1995. The factors contributing to multiple admissions as opposed to single admissions to hospital for acute asthma were investigated. These contributing factors included sex, current age and age at onset of asthma symptoms, symptoms of other allergic diseases (allergic rhinoconjunctivitis, atopic dermatitis), serum total immunoglobulin E, frequency of previous upper respiratory tract infections, nutritional status with breast and cow's milk consumption at infancy, number and history of atopy, smoking habits of family members and place of residence. Only patients admitted principally because of asthma were considered. Patients with asthma were excluded if they suffered from concurrent medical illnesses for which they were seeking medical advice or being treated.
Associations between hospital admissions and the above predictors were analyzed using an unpaired t test and c 2 test.
Multivariate logistic regression analysis was performed to examine the simultaneous effects of the variables. P<0.05 was considered significant.
RESULTS
Bronchial asthma was more predominant in boys than in girls (male to female ratio 1.86). The ages of all children ranged between three and 15 years, with a mean of 6.2±3.4 years and median of 6.0 years. Of 140 children, 30 had multiple admissions, while the others had a single admission. More frequent hospitalizations in children aging less than five years were observed than in older children ( Tables 1 and 2 .
DISCUSSION
Admissions to hospitals for childhood asthma seem to be increasing, even though admissions for other childhood conditions are decreasing. Furthermore, readmission to hospital for asthma is very frequent. In all readmissions of childhood diseases, 73.2% have been reported to be for asthma (3) . Evaluating the regional causes of these hospital readmissions can provide useful insights concerning patterns in the incidence and medical care for acute asthma in children.
In the present study, we found that 21.4% of 140 children admitted to the hospital for asthma during a selected period were hospitalized multiple times. The hospital admission rate for the children with asthma is expected to be greater in boys than girls, given the male predominance for the incidence of the disease. However, excess asthma hospitalization was demonstrated in both sexes and all age groups. Although there was no change in hospital admissions in our study population according to sex at any age, the results were different in some other studies. The rates of hospital admission for asthma among boys aged less than 15 years of age were reported to be higher than those among girls of the same age (4). In a study by Senthilselvan (5), girls aged 10 to 14 years were reported to have higher hospital readmission rates for asthma than boys of the same age, for unknown reasons.
Asthma hospitalization rates were particularly striking among children below the age of five years in the present study. The occurrences of new asthma admissions were found to be most frequent at the age of one year (5.3 in 1000 for boys and 2.9 in 1000 for girls) in a previous large-scale study of asthma-related hospital admissions comprising patients of all ages (6) . The six-month probabilities of readmission for asthma were 20.0% for children zero to four years of age and 11.7% for children aged five to 17 years in another study (3) . The declining admission rates in a study population in Canada were largely related to the lower admission rates among school-aged children aged five to 17 years. The relatively high admission and readmission rates of preschool children (3, 7) , as found in the present study, are still thought to be a concern that needs further research to examine the contributing factors. Exposure to environmental tobacco smoke more than doubles the risk of asthma in young children and increases the risk of hospitalization in children with asthma (8) . Our study suggests that the prevention of indoor smoking, especially maternal smoking, may be effective in decreasing hospital admissions in children with asthma, as supported by previous studies. Burr et al (9) reported that children who lived with a smoker were more likely than others to have wheezed in the past year. In the study of Mitchell and Burr (10) , the number of parents who smoked in the home was found to be related to asthma admissions, with no difference seen between multiple and single admission groups. In the study of Huss et al (11) , parental smoking and overcrowding of bedrooms were reported to be risk factors of asthma recurrence in early childhood, while age at the onset of symptoms, positive familial medical history for allergic illness, breast feeding and atopic dermatitis were not predictive. In the elderly, hospital admission rates for asthma were shown to be particularly associated with cigarette smoking (12) . As well as indoor air pollution by cigarette smoking, outdoor air pollution, especially nitrogen dioxide levels in the ward of residence, were also found to be significantly associated with standardized hospital admission rates for all respiratory disease in children under five years of age (13) .
Various factors, such as admission criteria, medical management and/or clinical expression of the disease were not taken into account in our study because no radical changes in these criteria occurred in our department during the study period. It was suggested in a recent study that there was no association between pretreatment assessments for disease severity and hospitalization (14) .
CONCLUSIONS
Patients younger than five years of age appeared to be at high risk for multiple hospitalizations. Moreover, tobacco smoke, particularly maternal smoking, was found to be one of the correlates influencing the rate of hospitalization. Clinicians should be aware that children with asthma at earlier ages are subject to frequent hospitalizations for the disease and should supply a clear individualized plan for follow-up of these children. There is also an obvious need for increasing educational efforts to alter parental smoking habits.
